Cell death is a mystery to cancer just as death is to humans. The world population grew slowly over thousands of years but dramatically increased in the last century, primarily because food supplies were sufficient, deadly diseases were effectively controlled, and the world was generally at peace. These factors prolonged the average lifespan, and as a result, the world population thrived.

Along these lines, scientists reasonably conjectured that the prolonged lifespan of cells might contribute to carcinogenesis. The idea first emerged in Kerr\'s original paper in which he proposed the concept of apoptosis[@b1]. The finding of Bcl-2 as an apoptosis suppressor almost surely bound cancer with the notion of being anti-apoptotic. Anti-apoptotic genes have since been considered a new category of oncogenes[@b2]. Gradually, evasion of apoptosis evolved to become a hallmark of cancer and became deeply rooted in the minds of cancer scientists[@b3],[@b4]. Conversely, apoptosis has been considered a barrier to carcinogenesis[@b5].

Occurrence of Apoptosis in Solid Tumors {#s2}
=======================================

Cell death in cancer, which includes necrosis and apoptosis, is a far more complex issue than evasion of apoptosis. Cancer cells do not live longer than normal cells; rather, they have a shorter lifespan. Indeed, Dr. Alexis Carrel from Rockefeller Medical Institute stated in 1925, "malignant cells are sick cells which live shorter"[@b6]. This was confirmed again in 1937 by Fischer[@b7].

What do pathologists see everyday under the microscope in cancer---more or less apoptosis? The answer is more apoptosis ([**Figure 1**](#cjc-33-02-047-g001){ref-type="fig"}). Furthermore, the occurrence of apoptosis increases with the histologic grade of cancer, i.e., the higher the grade of the malignancy, the more apoptosis. Detailed studies were done by Dr. Lipponen\'s group from Finland[@b8]--[@b10] and by krajewski *et al*.[@b11] from USA. They found apoptosis was positively related to histologic grade, cell proliferation indices, and poor patient survival in breast, colon, bladder, and other cancers[@b8]--[@b11]. A Japanese group also observed similar results in breast cancer[@b12]. Unfortunately, these important findings were not paid much attention because cancer researchers believed cancer cells to be apoptosis-resistant.

![Apoptosis in benign and malignant tumors.\
Routine paraffin sections were stained with hematoxylin and esosin. Apoptosis is characterized by condensed or broken nuclei (arrows). A, apoptosis is difficult to see in leiomyoma. B, apoptosis is highly frequent in leiomyosarcoma. C, low-grade follicular B-cell lymphoma, a type of relatively benign lymphoma, is characterized by Bcl-2 translocation, in which apoptosis is rare. D, comparing with the follicular B-cell lymphoma of left side, Burkitt lymphoma has much more apoptosis. The natural course of Burkitt lymphoma is much shorter than low-grade follicular B-cell lymphoma. These results indicate that apoptosis is much more frequently seen in highly malignant tumors than in relatively benign tumors. *Bar* = 20 µm.](cjc-33-02-047-g001){#cjc-33-02-047-g001}

Inconsistent Findings on the Clinical Roles of Bcl-2 {#s3}
====================================================

Based on the observations noted above, it seems improper to consider cancer resistant to apoptosis. Nevertheless, opinions vary, both in publication[@b13] and in private. People who favor this as a hallmark may argue that there is less apoptosis in Bcl-2--positive B-cell lymphoma. Although this is a good argument, Bcl-2--positive B-cell lymphoma has properties that set it apart from most malignant diseases. More specifically, this type of lymphoma progresses very slowly, with most patients living more than 10 years after diagnosis. It also does not require special treatment. In contrast, the same histologic type of lymphoma without Bcl-2 overexpression is generally high grade with high frequencies of apoptosis and must be treated.

Bcl-2 is also overexpressed in tumors other than lymphoma. Interestingly, Bcl-2 overexpression is not related to poor clinical outcomes but to better outcomes in breast, colon, and lung cancers[@b14]--[@b17]. In a recent study, Bcl-2 was reported to be an effective predictor of good prognosis comparable to estrogen receptor in breast cancer[@b15]. Thus, the anti-apoptotic properties of cancer cells seem to also confer patients the ability to survive. Furthermore, both cell culture and transgenic mice studies have shown that Bcl-2 inhibited cancer cell growth and retarded carcinogen-induced tumorigenesis[@b18],[@b19].

Admittedly, there are also cancers, such as prostate cancer and hematologic cancers, in which Bcl-2 expression is related to poor clinical outcomes[@b20],[@b21]. In normal prostate tissue, Bcl-2 is expressed in the basal cells of glands. In prostate cancer, Bcl-2--positive cells are also classified as basal type, which is androgen receptor (AR)--negative[@b20]. Thus, Bcl-2--positive prostate cancer is a special case, not quite comparable to Bcl-2--negative prostate cancer. Hematologic cancers with Bcl-2 overexpression are more resistant to chemotherapy, similar to the aforementioned Bcl-2--positive B-cell lymphoma[@b21]. The natural course of Bcl-2--positive follicular B-cell lymphoma is much slower than that of Bcl-2--negative disease, but Bcl-2--positive lymphoma cannot be cured like Bcl-2--negative lymphoma.

Other Paradoxical Molecular Findings {#s4}
====================================

Cell death receptor CD95 promotes cancer growth {#s4a}
-----------------------------------------------

Bcl-2 is not alone in this antiapoptosis enigma of cancer. CD95/Fas/Apo-1 is a death receptor that elicits apoptotic signals and functions in many physiologic and pathologic processes. Upon *CD95* knockdown, cancer cells failed to grow both *in vitro* and *in vivo*[@b22]. Conversely, overexpression of CD95 facilitated tumor growth and was found to be associated with extremely poor outcomes of patients with melanoma or renal cancer[@b22]--[@b24].

Cell death executioner protein Caspase-3 is essential for tumor growth {#s4b}
----------------------------------------------------------------------

Caspase-3 is the final executioner enzyme that, when activated, destroys structural proteins of a cell. A Chinese group showed that when *caspase-3* was knocked down, tumors failed to grow[@b25].

Apoptosis-promoting protein Bax facilitates carcinogenesis {#s4c}
----------------------------------------------------------

Bax, the Bcl-2-associated X protein, promotes apoptosis by releasing cytochrome *c* and other proapoptotic factors from mitochondria to cytoplasm. In the first version of their well known "Hallmarks of Cancer" report, Hanahan and Weinberg cited the anticancer effects of Bax as evidence of antiapoptotic feature of cancer[@b3]. However, this reference was removed in the second version of the paper[@b4]. Instead of a tumor suppressor[@b26], Bax was later found to facilitate carcinogenesis[@b27].

Conclusions {#s5}
===========

The principle of scientific research is seeking truth from facts. By and large, neither evasion nor resistance to apoptosis is a feature of cancer. Some may argue that proliferation still outweighs cell death in cancer. Evidence has long supported this claim, but this does not justify evasion of apoptosis as a hallmark of cancer. The key lesson to be learned from this cancer/antiapoptosis issue is that extreme reductionism can be misleading. We cannot say conclusively that cancers are antiapoptotic solely based on Bcl-2 overexpression; neither can we conclude that cancer cells have a short cell cycle time because Cyclin D1 is overexpressed and *TP53* is mutated. In most cases, cancer cells have a long cell cycle[@b28]. The molecular changes may rather be adaptive alterations than be the driving forces of malignant progression[@b29]. On the other hand, the longevity of life and fecundity are two repulsive genetic traits, i.e., the shorter the life span, the higher the fecundity. As Ames stated in his triage theory that "nature always favors short-term survival over long-time survival"[@b30], the more logical deduction is that increased cell death drives cancer cell proliferation and, thus, is the impetus of cancer growth[@b31].
